Neuroscience advances have brought important ethical questions. The recent launch of two large brain projects, the United States BRAIN Initiative and the European Union Human Brain Project, should accelerate progress in understanding the brain. This article examines neuroethics in those two projects, as well as its exploration by other efforts.
Our knowledge of how brains work continues to advance at a staggering rate. Several recent large, targeted projectsthe United States BRAIN Initiative, the European Union's Human Brain Project (HBP), the China Brain Project, and others-promise to accelerate that rate even further.
Rapidly accruing knowledge about the brain can raise profound questions about who we are, how we function, how those functions might be changed, and what that might mean for society. Understanding how human brains function is perhaps uniquely imbued with ethical, legal, and social implications. Even brain projects focused on developing research tools and largely dealing with non-human brains lay the foundations for possibly revolutionary changes in our human world. This is a good time to take stock of the state of neuroethics. After describing neuroethics, we will examine first its incorporation into two of the major brain projects, then look at some other organizations promoting research and education in this area.
Neuroethics is a recent area of inquiry concerned primarily with the provenance and implications of knowledge about the brain, and the use of such knowledge to treat, manipulate, and possibly enhance brain function. Many things about neuroethics can be controversial, including even what neuroethics is-a field of its own, a subset of bioethics, or something else. People who publish in neuroethics include ethicists and neuroscientists, but also psychologists, philosophers, lawyers, sociologists, anthropologists, and people from many other disciplines. Neuroethics can be grouped into three categories: the neuroscience of ethics; the ethics of neuroscience research; and, most frequently, the ethical, legal, and social implications of advances in neuroscience.
Interest in the ethical implications of increasing knowledge about the brain is certainly not new. One can find early concerns about what would now be termed neuroethics in the 1960s and 1970s, particularly in fears about various kinds of ''brain control'' (Valenstein, 1973) . The current era of neuroethics, though, can be dated to about 2002, when several important conferences began to explore ethical issues revealed by new neuroscience findings and techniques, particularly by fMRI.
More recently, we have seen the launch of major projects aimed at furthering the understanding of the human brain. These, too, have precursors. For example, over a quarter of a century ago, in July 1990, United States President George H.W. Bush signed a proclamation, requested by Congress, declaring the 1990s the ''Decade of the Brain' ' (Bush, 1990) . But the current surge of interest, a result of more scientific opportunities, comes with more funding-and more supportthan the earlier efforts. Shortly after the publication of BRAIN 2025, NIH created a ''multi-council working group'' (MCWG) made up of nongovernmental representatives from the advisory councils of each of the ten NIH institutes or centers that contribute to the initiative, as well as five atlarge members (NIH, 2016a) . MCWG has met twice a year since August 2014 to provide information and perspectives to NIH about the scientific vision of the BRAIN Initiative in the context of the evolving neuroscience landscape. The MCWG meetings include representatives from other federal agencies, foundations, and international groups partnering with the Initiative.
Neuroethics in the BRAIN
Meanwhile, on July 1, 2013, President Obama asked his Presidential Commission for the Study of Bioethical Issues (PCSBI) to engage with the scientific community and other stakeholders, including the general public, to identify proactively a set of core ethical standards-both to guide neuroscience research and to address some of the ethical dilemmas that may be raised by the application of neuroscience research findings. (Obama 2013b) The commission's undertaking and response, concurrent with the development of ''BRAIN 2025,'' culminated with the publication of a two-volume report called Gray Matters. The first volume, released in May 2014, recommended integrating ethics early and explicitly throughout neuroscience, articulated the goals of such integration, and described several existing models that could be adapted or expanded (PCSBI, 2014) . The second volume of Gray Matters, released in March 2015, recognized that neuroethics is a rapidly growing, multidisciplinary field encompassing a diversity of ethical issues, some of which are not unique to neuroscience but may be expressed in sharper relief, and some of which have the potential to affect the essence of who we are as humans (PCSBI 2015) . It focused on three controversial topics in neuroethics: cognitive enhancement, consent capacity, and neuroscience and the legal system. But neuroethics in the BRAIN Initiative needed close and continuing attention, which the commission was not well placed to provide. As a preliminary step, the NIH held a one-time workshop on neuroethics in November 2014 (NIH, 2014) , and the following August, MCWG approved the creation of a subgroup, a Neuroethics Work Group, drawn from MCWG membership as well as other experts in neuroethics (NIH, 2016b; Greely, 2016) .
The work group currently has nine members, all unpaid volunteers, and is co-chaired by two of us (C.G. and H.T.G.); the third author (K.M.R.) is the work group's executive secretary. The work group provides input to MCWG, and through it to the NIH, about ethical issues in its proposed areas of work, occasional consultations on particular research projects, and general information to investigators on spotting, and dealing with, ethical issues. It is also collaborating on workshops around the country on ethical, legal, and social issues the BRAIN Initiative raises. In addition, the work group helped inform the NIH planning for an early 2016 offer to fund supplements to BRAIN researchers for neuroethics issues: its Request for Information on Neuroethics, released in May 2016 (NIH, 2016c), and its intended Request for Applications for funded research projects in neuroethics, approved as a concept by MCWG in July 2016 and released on October 21, 2016 (NIH, 2016d) .
At least one other federal agency that is part of the BRAIN Initiative has taken a similar step. DARPA has a seven member Neuroethics, Legal, and Social Issues Advisory Panel. The panel meets at least quarterly to address specific issues that rise in connection with ongoing projects in the neurotechnology work of DARPA's Biological Technologies office.
The work group is new and still very much a work in progress, but it is a major NIH effort to deal appropriately with possible ethical issues raised by the BRAIN Initiative. But what are those issues?
Most are issues that arise fairly directly from the research supported by the BRAIN Initiative. At NIH, that research focuses heavily on creating tools that speed up the generation of medically oriented research. It also generally has involved research with non-human animals. More recently, issues arising from implanting devices into human brains have become a major focus. What consent requirements are appropriate? What are the long-term responsibilities of researchers (and funders) to people who received the implanted devices, particularly those who had good results? Issues both similar and different will arise from nonimplanted, non-invasive methods of recording or modulating human brain activity. Privacy and confidentiality are additional important points. The collection and sharing of information on brains is seen as crucial to effective research but might go beyond what the human sources of that information expected and may even put their privacy at risk. Although many issues, such as privacy, safety, fairness, freedom and free will, personal identity, and moral responsibility are familiar issues for bioethics, they often take on intriguing new dimensions and complexities because of the power of science and technology and what the brain represents.
As the BRAIN Initiative proceeds, it will engage in more and more research directly with people and directly relevant to human society. As it does, the ethical issues it will confront will necessarily change and expand, as will the efforts of the Neuroethics Work Group.
Neuroethics in the HBP
In October 2013, the European Commission started the HBP, one of two winning applications for a new research model, the Future and Emerging Technologies flagship (Human Brain Project, 2016a). Under this model, the European Union funds a core project, which in turn supports and interacts with various partner projects, funded nationally. The HBP consortium of researchers includes more than 115 partners in 24 countries and an expected 10 year budget-from the European Union, national governments, and private partners-of V1.2 billion. It is coordinated by the É cole Polytechnique Fé dé rale de Lausanne and is based in Geneva.
Funding for HBP is to be provided in phases. The Ramp-Up Phase ran from October 2013 to March 2016. In 2014, hundreds of European neuroscientists criticized the HBP in an open letter, expressing concern about the project's focus on databases and computational structures leading to simulating human brain function. Management changes were made in 2015, and the HBP has now moved into Specific Grant Agreement Phase 1, which runs from April 2016 to April 2018. The European Union will provide V89 million to fund this phase.
The HBP is governed by a Stakeholder Board, made up of representatives from countries that make major financial contributions to the project. The Stakeholder Board operates through a directorate that in turn works through a Science and Infrastructure Board and a Project Coordination Office. The work ultimately is done by twelve subprojects. Five of them focus on particular research topics, such as human brain organization; six of them are platforms that are to construct the HBP research infrastructure, such as the neuroinformatics platform; and one, Central Services, coordinates the project.
Neuroethics has a definite place in the HBP (Human Brain Project, 2016b). One of the five subprojects focusing on particular research topics is Ethics and Society. This is charged with performing research on the ethical and social effects of the HBP's work. It has employees charged with managing the project's ethics activities and is administered by the Ethics Director (called the Ethics Manager in the Ramp-Up Phase). It awards grants to outside ethics researchers as part of the subproject. It also gets information from designated rapporteurs in the other research subgroups of the HBP.
The Ethics and Society subproject has, thus far, focused heavily on issues of privacy and on research involving non-human animals, particularly on non-human primates. It is also responsible for trying to coordinate as necessary the ethics standards of the many different countries involved in the HBP, sometimes through writing standard operating procedures for the ethical conduct of the project's research. One of its research grants went to Professor Nikolas Rose and the Foresight Lab at King's College London to identify and evaluate potential ethical and social effects, in part through discussions with researchers in the HBP (Rose, 2014) .
In addition to the Ethics and Society subproject, the HBP has an Ethics Advisory Board (EAB). This board was formed by the merger in September 2015 of two initial external advisory boards, one specifically on research ethics and the second on the broader ethical, legal, and social aspects of the project. The new board has eleven members, who, except for the chair, are, like members of the BRAIN Initiative Neuroethics Work Group, unpaid. It is to provide advice to the HBP's board, both at the board's request and on its own initiative. As a paid member of the HBP, the Ethics Director serves as a liaison between the Ethics Advisory Board and the Ethics Subproject researchers.
Additional components of the HBP ethics efforts include the Ethics Rapporteur system, which has a representative from each research subproject work with EAB members to identify key ethical concerns within their subprojects. The HBP Ethics group has also established a ''Point of Registration'' for researchers or members from the external community to register ethics concerns, which are managed by the EAB and Ethics Director. Finally, in April 2016, an independent Ethics Ombudsperson, not paid by the HBP, was established to allow anonymous reporting of concerns about the HBP.
Comparisons and Contrasts
Both projects have ethics components, similar in some ways and different in others. They are alike in that the ethics processes in both are still very much works in progress. Both groups are focusing primarily on the direct ethical issues raised by the research they are funding, though the remit of the HBP may reach farther. Both are providing grants for ethics research as well as doing some ethics work directly. The HBP does have employees paid to work on ethics issues through its Subgroup 12, which the Neuroethics Work Group lacks. Approximately 4% of the HBP budget goes to ethics research and to managing ethical issues that may arise.
The Neuroethics Work Group comes largely from the American bioethics tradition as influenced by work on Ethical, Legal, and Social Implications (ELSI) of new biotechnologies, particularly genetics. The HBP seems to be more influenced by an approach called Responsible Research and Innovation (RRI), which grows more from sociology and science, technology, and society approaches than from bioethics.
The two projects are beginning to interact with each other in the mutual hope of advancing the common ethical and social interests of their two projects.
Neuroethics beyond the Big Brain Projects
This article's discussion of big brain projects has focused on the BRAIN Initiative and the HBP. Other countries have announced, and funded, research efforts around the brain, including Australia, Canada, China, Cuba, Japan, Korea, Sweden, and others. Some of them are also pursuing neuroethics issues. But more importantly, neuroethics goes far beyond just brain projects, both in issues and in organizations.
The brain projects, especially the BRAIN Initiative but also to some extent the HBP, understandably have focused on the ethics of the research they are supporting or, sometimes, their near term consequences. For instance, NIH's mission focuses its interests squarely in the biomedical domain. The ethics of brain research are one important component of neuroethics, but only one. The projects have not tried to touch another major aspect of neuroethics, the neuroscience of ethics. And more importantly, they have so far done little to investigate the likely effects of neuroscience advances on society. (The HBP may be supporting more research in this than the BRAIN Initiative.)
For example, lawyers and judges as well as scholars have viewed the implications of neuroscience for the law as highly important. Over a thousand articles and book chapters have been published on these topics in the last decade (MacArthur Foundation Research Network on Law and Neuroscience, 2016a). These have often looked at issues of responsibility (which has also been examined in nonlegal, moral contexts), but they have also worried about more concrete issues, like using neuroscience methods to determine a person's competency or a witness's honesty. Today, these kinds of questions are often both too far downstream and beyond the scope of the brain projects, but that may change.
Similarly, scholars have worried about the ethical, legal, and social consequences of neuroscience-based cognitive enhancement, memory manipulation, mind reading, marketing, and disease prediction. None of these seems likely to be addressed any time soon by the ethics components of the brain projects.
Happily, other complementary efforts have been, and continue to be, made. The International Neuroethics Society is one of the most important (International Neuroethics Society, 2016) . Founded in 2006, it is a scholarly society for students, trainees, teachers, researchers, and members of the general public who are interested in these issues. It holds an annual meeting, helps sponsor other conferences and events, and provides background information to the media and advice on policy issues. Fundamentally, though, it promotes contact between people working on neuroethics in order to stimulate further research and teaching on the subject.
The MacArthur Foundation Law and Neuroscience Network has been another important participant in neuroethics discussions (MacArthur Foundation Research Network on Law and Neuroscience, 2016b). Established in 2007, it has gone through two phases, both focusing on criminal law, with the second phase adding a strong emphasis on juvenile misconduct. It has been a leader among many organizations, such as the Federal Judicial Center, the American Association for the Advancement of Science, the National Center for State Courts, and the American Bar Association, that have provided education about neuroscience to judges. The MacArthur Network is reaching the end of its life, but it will leave behind a wealth of research and resources, including a comprehensive bibliography of work on law and neuroscience.
Another, very new organization is Our Brain, Our World, Ourselves (or O3). It is a global consortium that aims to build a neuroethics alliance that incorporates individual funders, ethics expertise, and public stakeholders to advance neuroethics as a global concern with an emphasis on involving the entire world, particularly countries that have not been in the forefront of neuroscience research (Our Brain, Our World, Ourselves, 2016 At the beginning of 2010, these issues became an independent publication, American Journal of Bioethics: Neuroscience, which has been published four times a year since then. In the meantime, March 2008 saw the launch of the journal Neuroethics, which publishes three issues a year. It is fair to say that the American Journal of Bioethics: Neuroscience has had a more North American focus, while Neuroethics has tended to publish more European scholars, although both journals have published articles from authors around the world.
These two dedicated journals have not been the only homes for neuroethics publications. Scientific, medical, philosophy, legal, and bioethics journals have participated in the increasingly large and interesting explorations of neuroethics issues. This journal itself published one of the first important articles in the current era of neuroethics in 2002 (Roskies, 2002) . But in whatever outlet, neuroethics research and scholarship have been expanding rapidly.
Conclusion
Neuroscience is thriving, increasing our knowledge of how brains work at an accelerating rate, in part as a result of the BRAIN Initiative, the HBP, and other large projects, as well as the vast amount of research undertaken by individual investigators, private non-profit organizations, smaller brain-oriented projects, and commercial firms. Knowledge is exploding in many areas of science, but none is likely to have as great an ethical, legal, and social effect as neuroscience. Cosmology and computation are wonderful, but they are not about ''us.'' Neuroscience, like all of biology, is about ''us,'' but, even more, in what it teaches us about human brains and consequent human behavior, functions, and consciousness, it is arguably about the most important aspect of ''us.'' As neuroscience grows, so grow its ethical, legal, and social implications.and so must grow neuroethics.
